. The mortality from asthma is high and rising. Eighteen to forty per cent of deaths occur despite eme~gency treatment I ,2 (ambulance, hospital, medical attendance) which usually includes positive pressure ventilation. There is now mounting ev~dence that mechanical ventilation, if not used With great care, may contribute to morbidity and mortality3-5 by causing inadvertent pulmonary hyperinflation and resulting in pulmonary barotrauma or cardiac tamponade.
Previous research from our hospital has defined the relationship between mechanical ventilation and pulmonary hyperinflation in patients with severe asthma 3 and has led us to introduce a policy of controlled mechanical hypoventilation. This approach has been successful in preventing morbidity both in our patients and in those of others. 4 We report a patient with life-threatening asthma in whom intermittent positive pressure ventilation (IP.PV) induced circulatory arrest despite dehberate use of hypoventilation.
CASE REPORT
We present a 36-year-old woman with asthma since childhood, maintained with inhaled salbutamol 2 puffs qid, beclomethasone rotacaps 2 puffs qid and sustained release theophylline 300 mg b~. She was poorly compliant in taking medication With many previous admissions for exacerbations of ~sthma. Four years previously she had a peak expiratory flow rate of 150 Umin, FEV\ 0.78 I and FVC 1.681.
The patient presented by ambulance with acute severe asthma after three days of worsening dyspnoea and wheeze.
In the ambulance she received 0.25% nebulised salbutamol 8 ml and intravenous salbutamol 500 mcg witho~t any improve!Dent. Her respiratory status contmued to detenorate after arrival at hospital despite frequent nebulised salbutamol aminophylline infusion of 40 mg/hr, intravenou~ ~albut~mol 250 mcg statim and 2 mcg/min by InfUSIOn, and hydrocortisone 250 mg intravenously. Arterial blood gases were: pH 7.05, Paco2.108 mmHg, P a 0 2 110 mmHg, oxygen saturatIOn (Sa02) 95%, bicarbonate 31 mmoUI. Serum theophylline was 37 mmoUl (therapeutic range. 40-110). The Sp02 by pulse oximeter detenorated to 85%. She remained in sinus rhythm at a rate of 150/minute with a blood pressure of 155/95 mmHg. Twenty-five minutes after presentation, she was intubated following intravenous injections of thiopentone 100 mg and suxamethonium 100 mg. Blood pressure did not fall following the administration of these drugs nor immediately after intubation.
The hospital protocol for mechanical ventilation of all patients with severe asthma is sedation, therapeutic paralysis and controlled hypoventilation with a tidal volume of 8-10 mllkg (usually 600-700 ml), a high inspiratory flow rate (100 l/min) and a rate (usually ten to fourteen/min) that will achieve a minute ventilation < 0.14 lIminlkg « 1 0 lImin for a 70 kg person).
Hand ventilation was commenced by an anaesthetist experienced in these techniques at a rate of 14/min and an estimated tidal volume of 600-700 ml. (Tidal volume was estimated by subsequently mimicking the manoeuvre on a mechanical lung with a calibrated respirometer). Ventilation was given without the need to exert excessive pressure on the bag. The S p 02 initially increased to 94%. However, the blood pressure started to fall and five minutes after intubation it was unrecordable. The carotid pulse was still palpable and the monitor showed sinus tachycardia at a rate of 113/minute. Seven minutes after intubation and with sinus rhythm on the monitor (92/minute), the carotid pulse was no longer palpable. External cardiac massage was commenced and IPPV was continued at the same rate and tidal volume. The patient was given 0.5 mg of intravenous adrenaline, 8 mg of intravenous pancuronium and 1000 mcg of salbutamol via the endotracheal tube. During the next fifteen minutes of cardiopulmonary resuscitation the patient was given a total of 2.5 mg of adrenaline intravenously and 0.5 mg via the endotracheal tube, but remained in apparent electromechanical dissociation, with sinus rhythm on the electrocardiograph monitor and no evidence of cardiac output. Arterial blood gases fifteen minutes after intubation revealed a pH 7.08, PaC02 96 mmHg, a Pa02 36 mmHg, Sa02 46% and bicarbonate 29 mmol!l. The patient was given sodium bicarbonate 25 mmol and 10% calcium gluconate 10 ml intravenously without any response. She was noted to have central and peripheral cyanosis, distended neck veins and fixed and dilated pupils. Chest X-ray showed a hyperinflated chest, small heart and oligaemic lung fields compared with a previous film, but no pneumothorax or tube misplacement. A pericardial tap yielded 6 ml of blood without any improvement in the patient's condition. Twenty-five minutes after intubation the situation was considered irretrievable. External chest compression and ventilation were ceased and the endotracheal tube was disconnected from the ventilation bag.
Three minutes after cessation of treatment heart rate had increased to 115/minute (sinus rhythm).
Anaesthesia and Intensive Care, Vol. 19, No. 1, February, 1991 Five minutes after treatment had ceased, carotid and femoral pulses became palpable although the blood pressure was still unrecordable. Ventilation was recommenced at a rate of fifteen breaths per minute and within fifteen seconds the carotid pulse was again impalpable. Ventilation was reduced to a rate of six to eight per minute, with a short inspiratory phase and a prolonged expiratory phase. Within three minutes the pulse rate was 150/ minute (sinus rhythm) and the systolic blood pressure returned to 110 mmHg. Arterial blood gases at this time showed pH 7.04, PaC02 91 mmHg, P a o 2 396 mmHg, Sa02 100% and a bicarbonate 25 mmol/l. When ventilation was transiently increased on three subsequent occasions to rates greater than ten per minute, the blood pressure became unrecordable on each occasion. Attempts to ventilate the patient on a Drager Oxylog ventilator were also unsuccessful despite the use of a low minute ventilation (5 lImin) and a low rate (6-8/min). This was attributed to the fixed inspiratory: expiratory ratio of 1: 1. 5 which resulted in a long inspiratory phase (3-4 seconds) and a relatively short expiratory phase (4.5-6 seconds). Seventy-five minutes after initial intubation the blood pressure was 165/80 mmHg, the pupils were reactive to light, and the patient was starting to move spontaneously. Circulatory state remained satisfactory without the need for volume expansion or inotrope support.
The patient subsequently showed satisfactory resolution of asthma. Severe cerebral ischaemic damage was initially present, but by six months she was functioning independently at home with minimal persisting neurological deficit.
DISCUSSION
This patient with severe asthma suffered from complete circulatory arrest within minutes of commencing IPPV, despite a deliberate attempt to deliver controlled hypoventilation. Restoration of circulation occurred during a period of prolonged apnoea but each time the minute ventilation was increased above the very low level which was usually safe for such patients, profound circulatory depression recurred.
The only possible explanation for this was pulmonary hyperinflation caused by IPPV in the presence of extremely severe expiratory airflow obstruction, resulting in profound cardiac tamponade and the clinical appearance of electromechanical dissociation. This was supported by the observation of distended neck veins which emptied during apnoea.
The relationship between pulmonary hyperinflation and IPPV in patients with severe airflow obstruction has been defined in previous work from our hospital. 3 The primary problem is the extremely slow expiratory flow rates. During IPPV the arrival of each new breath occurs before expiration of the previous breath is complete and gas-trapping with progressive pulmonary hyperinflation results. The extent of pulmonary hyperinflation depends on the amount of gas inspired (tidal volume), the time allowed for expiration (expiratory time) and the severity of asthma (expiratory gas flow rate). This research demonstrated that increasing tidal volume or decreasing expiratory time (by increasing rate and hence increasing minute ventilation or by reducing inspiratory flow rate) can cause end-inspiratory lung volumes up to four litres above functional residual capacity and result in marked hypotension in the majority of patients with severe asthma. This report and others 3 ,4 have shown that controlled mechanical hypoventilation will minimise this problem.
The third variable in pulmonary hyperinflation is the severity of airflow obstruction. Variations in the severity of airflow obstruction must cause varying degrees of pulmonary hyperinflation when a fixed level of initiated ventilation and subsequent ventilation must be adjusted accordingly.
The estimated levels of minute ventilation (8-10 Umin) and the ventilatory pattern initially applied to this patient was one which previous research in mechanically ventilated patients with severe asthma has shown to result in hypoventilation (mean minute ventilation required for normocapnia was 15.7 ± 2.3 Umin) but in low levels of pulmonary hyperinflation and no circulatory depression. 3 This was clearly not so in this patient who demonstrated that life-threatening pulmonary hyperinflation could still occur presumably due to far more severe airflow obstruction. Furthermore, cardiac tamponade was induced without excessive ventilatory pressures being detected. This probably reflects the fact that patients with asthma have relatively compliant lungs, compared with those in many other forms of lung disease which require mechanical ventilation, but a large part of the alveolar pressure is transmitted to the mediastinum allowing low alveolar pressures to have a significant tamponading effect.
If pulmonary hyperinflation is not recognised or looked for, the clinical appearance of circulatory failure, cardiac tamponade or electromechanical dissociation may lead to inappropriate use of inotropes, pericardial aspiration, intercostal catheters and resuscitation drugs. Most of these measures are ineffective or detrimental and the delay in recognition of the true cause may lead to irrevocable circulatory failure, ischaemic cerebral injury such as occurred in this patient, or death.
In asthma mortality surveys, the number of patients receiving skilled resuscitation within a reasonable time interval of respiration ceasing is difficult to ascertain. However, up to 40% of asthma deaths occur in circumstances where ventilatory support should be readily available, 1, 2 while nearly 80% of asthma deaths were witnessed, thereby providing the opportunity for prompt alerting of resuscitation services. Many of the reported deaths were in young and otherwise healthy adult asthmatics, who should have responded promptly to any form of IPPV given after an observed respiratory arrest. It must be asked why such resuscitation attempts failed. It may be that the real cause of death in many such patients is not irreversible asthma but death due to inappropriately high levels of ventilation during resuscitation.
Some degree of gas-trapping can be demonstrated in all patients with asthma undergoing mechanical ventilation. Its effects may be quantified after initiation of IPPV by a volumetric measure of total exhaled gas volume during a period of apnoea of thirty to sixty seconds with observation of circulatory response during the same period, 3 or by measurement of airway pressure during a transient airway occlusion at the end of expiration 5 (so-called 'auto-PEEP').
We conclude that during urgent initiation of IPPV in a patient with severe asthma, pulmonary hyperinflation may result in hypotension, clinical features of cardiac tamponade or circulatory arrest with electromechanical dissocation, despite the deliberate use of hypoventilation. We believe this should be the first diagnosis to consider and exclude before potentially inappropriate therapy of other causes is initiated.
Pulmonary hyperinflation may be excluded or diagnosed as the cause of circulatory depression by observing the circulatory response during a period of apnoea. Thirty to sixty seconds of apnoea is adequate for stable patients undergoing mechanical ventilation. However, a period of more than sixty seconds will be required for patients with significant circulatory depression. Previous studies have shown that this technique is safe, results in no significant reduction in Sa02 nor elevation in PaC02, and under the circumstance described in this paper may be potentially life-saving. 3 Intubation of the trachea may be associated with many complications. We wish to report a case of endotracheal tube obstruction by an avulsed nasal turbinate in a patient with status asthmaticus which was initially overlooked because of concurrent lower airways obstruction.
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CASE REPORT
A 27-year-old male presented to the Emergency Department with a 24-hour exacerbation of asthma. Recent maintenance therapy had included salbutamol via nebuliser, beclamethasone via inhaler, and an oral slow-release theophylline preparation. There had been five admissions to hospital over the previous six years, with short courses of prednisolone required at these times. The patient presented on this occasion with increasing shortness of breath and wheeze in the 24 hours prior to presentation, despite salbutamol via nebuliser every two hours.
Physical examination revealed a pale distressed young man who was barely able to speak. His vital signs were BP 175/80, pulse 1 32/min, respiratory rate 28/min, and paradox 55 mrnlHg. Chest examination revealed poor air entry to both lung fields in association with soft high-pitched wheezes.
Initial management consisted of oxygen via mask at twelve litres per minute, salbutamol 0.5% continuously via nebuliser, aminophylline via intravenous infusion and a bolus dose of hydrocortisone 250 mg IV. A sample of arterial blood drawn shortly after arrival revealed pH 7.31, Pe02 49 mmHg and P0 2 84 mmHg. After thirty minutes the patient appeared tired and distressed. Repeat arterial blood gas analysis showed that the Peo2 had risen to 96 mmHg. It was decided that the patient required mechanical ventilation.
The patient was intubated awake using the 'blind' nasotracheal technique. The right nostril was prepared with lignocaine 1 % and adrenaline 1:100,000. An endotracheal tube 8.0 mm ID was passed with some difficulty through the nostril but readily entered the trachea. The patient was then sedated with morphine and diazepam and subsequently paralysed with pancuronium. The procedure was complicated by brisk epistaxis, requiring nasal packing around the nasotracheal tube. Initially the patient was ventilated by hand and was found to be extremely 'tight'. Adrenaline 2 ml (1: 10,000) was administered via the endotracheal tube.
A chest X-ray confirmed correct placement ofthe endotracheal tube and there was no pneumothorax. A sample of blood drawn with the patient ventilated on 100% oxygen showed pH 7.15, Peo2 69 mmHg and P02 133 mmHg. The patient was admitted to the Intensive Care Unit and placed on a Bear® volume-cycled ventilator. Salbutamol was administered continuously via nebuliser and infused intravenously at 20 mCg/min together with aminophylline 60 mg/hr.
The patient was difficult to ventilate. Various settings of tidal volume, respiratory rate and peak inspiratory flow were tried but peak inspiratory pressures remained over 100 cm H20 and arterial blood gas drawn shortly after admission revealed pH 6.95, Peo2 119, P0 2 291 mmHg. Adrenaline given by intravenous infusion 10 mCg/min did not
